Objectives: There are many barriers impeding the conduct of high-quality emergency care research, particularly in low-and middle-income countries. Several of these barriers were originally outlined in 2013 as part of the Academic Emergency Medicine Global Health and Emergency Care Consensus Conference. This paper seeks to establish a broader consensus on the barriers to emergency care research globally and proposes a comprehensive array of new recommendations to overcome these barriers.
T he importance of emergency care in the reduction of global morbidity and mortality has been increasingly recognized by global health policy makers over the past decade. Prior research has suggested that improved emergency care has the potential to significantly reduce premature death and disability. 1, 2 Injuries alone account for 6.6% of the global burden of disease, including more than 5 million deaths and 138 million lost disability-adjusted life-years (DALYs) each year, more than for HIV, tuberculosis, and malaria combined. 3, 4 As the global burden of disease continues to shift from infectious to noncommunicable and traumatic causes of death worldwide, there will be an increasing need for providers who can respond to a wide range of acute conditions. The World Health Assembly (WHA) Resolution 60.22 first laid out the importance of emergency care systems nearly a decade ago, calling on governments worldwide to strengthen health systems to better manage emergency medical and traumatic conditions. Since then, the World Health Organization (WHO) has established an emergency, trauma, and acute care program, and targets relevant to emergency care have been incorporated into the United Nations sustainable development goals.
In addition to recognizing the important role that emergency care plays in a comprehensive health system, WHA Resolution 60.22 also calls for additional research to better understand emergency conditions in various contexts and to develop improved interventions. In particular, the resolution urges governments to "to assess comprehensively [their] prehospital and emergency-care context including, where necessary, identifying unmet needs" and calls on WHO "to encourage research and collaborate with Member States in establishing science-based policies and programmes for implementation of methods to strengthen trauma and emergency care." 1 However, many barriers continue to exist that prevent the routine collection of emergency and trauma care data, especially in low-and middle-income countries (LMICs), and the implementation of research into new and improved methods for providing care in these settings. The 2013 Global Health and Emergency Care (GHEC) Consensus Conference highlighted the importance of high-quality emergency care research, especially in LMIC settings, but also outlined a number of important challenges to the conduct of this research, which were classified into three categories: financial, logistic, and ethical barriers. 5 On May 10, 2016, a Global Emergency Medicine Think Tank was held in conjunction with the Society for Academic Emergency Medicine Annual Meeting to assess progress made in GHEC research since the 2013 consensus conference and to adopt new recommendations for moving forward. A focus of the 2016 think tank was to identify research priorities and solutions for overcoming barriers to the conduct of clinical research in global emergency care, for which a specific clinical research working group was formed. In addition to updating and reclassifying current research barriers, the 2016 Global Emergency Medicine Think Tank Clinical Research Working Group developed a comprehensive array of recommendations for overcoming these many barriers, targeting both global health researchers and global health funders and policy makers. This paper lays out the process utilized by the clinical research working group to accomplish these tasks, with the overall goal of contributing to more high-quality emergency care research in resource-limited settings and better outcomes for patients around the globe.
METHODS

Global Emergency Medicine Think Tank Participants
A survey was sent to a convenience sample of global emergency medicine (EM) research experts through the Global Emergency Medicine Academy (GEMA) of the Society for Academic Emergency Medicine (SAEM) listserv, the International Federation of Emergency Medicine (IFEM) listserv, and various global EM focus Facebook group pages. A small introductory paragraph introduced recipients to the survey and stated that the aim of the survey was to assess current research barriers. Seventy-nine researchers responded and completed the survey. This purposive sample of global EM research experts, from 20 countries around the world (Table 1) , collectively have research experience in over 40 countries, predominantly LMICs (Table 2) . Research expertise included pediatric, adult, and geriatric emergency care; disaster medicine; prehospital care; trauma; emergency ultrasound; toxicology; mobile health implementation; health systems; and health policies research. Research experts also had experience with a wide variety of different quantitative and qualitative research methodologies, including prospective and retrospective epidemiologic studies, quality improvement, clinical education, informatics analyses, and clinical trials. Experts were identified primarily through national and international EM societies, including the SAEM, the IFEM, the American College of Emergency Physicians, the European Society of Emergency Medicine, and the African Federation of Emergency Medicine and through recommendations from other leaders in global EM research. Particular effort was made to include a diverse array of researchers from multiple different countries and regions, as opposed to just those from North America conducting research in other geographic regions. Since it would have been logistically infeasible to gather together all the identified global EM research experts from around the world, a twostage approach was used to assess research barriers. First, an electronic survey was used to capture the full range of research barriers and their relative importance from all experts, and then a working group met in person to review the survey responses and develop a consensus on the most important research barriers.
Research Barriers Survey
Working group leaders preidentified areas of likely relevance with regards to research barriers and created an online survey tool intended to identify specific concepts within these thematic areas. The survey was disseminated to the identified group of global EM research experts. Respondents were asked to identify and rank barriers to research with respect to human resources, research logistics, data collection and analysis, technology, and monetary limitations. In addition, respondents were provided the opportunity to identify additional barriers and potential solutions based on their own experience.
Building Consensus and Proposing Solutions
Survey results were presented to the Global EM Think Tank Clinical Research Working Group at the SAEM Countries in which the approximately 80 global EM research experts have research experience. Data collected from an electronic survey sent out to participants. Experts were surveyed to determine current barriers to global EM research. Many survey responders conduct research in multiple countries; therefore, the total number of country-specific responses is greater than the number of experts surveyed.
2016 Annual Meeting in New Orleans, Louisiana. Survey responses were presented in rank order list of frequency of responses (Table 3) with the goal of generating conversation among the working group, as well as identifying and expanding upon particularly salient topics. A modified Delphi consensus approach, which derives quantitative estimates through an assessment of qualitative survey responses, was used to identify barriers to emergency care research. 6 Survey responses were aggregated, validated, and discussed by working group participants until a consensus on the most important barriers to emergency care research and their potential solutions was reached.
RESULTS AND DISCUSSION
While there is a critical need for international emergency care research, the Global EM Think Tank Clinical Research Working Group found that many challenges remain to executing high-quality research studies, especially in LMIC settings. The key research barriers identified by the working group were combined into four distinct categories: 1) human resources and research training, 2) research logistics and technology, 3) research ethics and availability of institutional review boards, and 4) research funding ( Table 4 ). The most important barriers within each category are detailed below, along with opportunities for advancement and potential solutions.
Human Resources and Research Training
Human resources are often limited in healthcare systems in low-income countries, resulting in a high clinical workload. 7, 8 Not surprisingly, the working group identified the lack of protected time for research activities as one of the most important barriers to emergency care research, especially in LMICs. This affects all aspects of research from designing protocols and submitting institutional review board (IRB) proposals to data collection and analysis. Even when EM researchers are working in settings with trainees, the trainees are often also overworked and have little additional time to dedicate toward research. Medical providers are often focused, appropriately so, on patient care and do not have much extra time to assist with data collection, yet assuring that all data collected meet quality standards is key to the integrity of every study. Obtaining follow-up on patients (outcomes data) is even more time-consuming, but can contribute to better understanding of research outcomes in some studies. Researchers from around the world noted, however, that dedicated human resources for research studies (i.e., the use of trained research assistants [RAs]) can contribute significantly to the conduct of high-quality research. Emergency care research should work to incorporate the use of local RAs (including Areas of likely relevance with regards to research barriers were preidentified, and an online survey tool was created to identify specific concepts within each thematic area. The survey was disseminated to an identified group of global EM research experts. Respondents were asked to identify and rank barriers to research. The survey results are presented in rank order list of frequency of responses within each barrier category. EMR = electronic medical record; IRB = institutional review board; RA = research assistant.
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those with and without clinical experience, based on the needs of the study design) whenever possible. These RAs, however, require appropriate training in basic research concepts to ensure the integrity of data collected.
Additionally, physicians in both high-and lowresource settings often have little to no training in research design, implementation, and evaluation. While a subset of physicians will elect to pursue a subsequent degree (i.e., master of public health or doctor of philosophy), not every interested physician has access to such opportunities. When time constraints can be overcome, mentorship of junior clinicians by more experienced researcher-clinicians can help surmount this barrier. Programs such as the Fogarty Emerging Global Leader Award and Fogarty Global Health Program for Fellows and Scholars are research training programs designed to increase research skills of clinicians in LMICs by providing funding and mentorship.
Research Logistics and Technology
Key barriers identified in the logistics of global EM research included language barriers between the study personnel and subjects, as well as difficulties with data collection. As much of global health research is conducted in multilingual settings where even local researchers may not speak all local languages or dialects, clear and concise communication is key to a successful research project. However, translation or interpretive services are not always available, presenting a significant barrier when obtaining informed consent or conducting qualitative interviews with research subjects. In addition, data collection presents unique challenges when resources are limited. Access to medical charts and electronic medical records (EMRs) can be tedious and time-consuming, and patient follow-up can be extremely difficult in a region without regular access to phones or standardized contact information. Basic technology typically utilized to conduct clinical research worldwide, including computers, software, and Wi-Fi, can be limited or unreliable at best in resource-limited settings.
Utilizing existing resources, such as training and employing locals as RAs, should be considered the criterion standard for alleviating language barriers. Local RAs are more likely to be able to communicate well with research subjects, and hiring multiple different RAs can ensure that the diversity of local languages and dialects are covered. When funding for multilingual RAs are limited, project staff may be able to enter into partnerships with local businesses or nongovernmental organizations that can provide volunteers for translation or other services as a community service. If local, in-person RAs or volunteers are unavailable, telemedicine may be a feasible option in some contexts for both consent and translation services provided there is a reliable Wi-Fi or phone network onsite and a compatible language (e.g., not applicable to local dialects).
There are also unique solutions that can be employed to obtain informed consent when neither in-person translation nor telemedicine are available. Google Translate is a free and easily accessible tool that can be utilized to translate informed consent forms when paper forms are being utilized. In addition, for a mixed-literacy population, videos explaining the informed consent in multiple local languages can be pr-loaded on mobile devices, such as tablets or laptops, which research staff can then employ during the consent process. Limitations to both of these methods include the potential for translation errors and inability to respond directly to questions raised by research subjects in real time.
To improve data collection, creation of a standardized process that can be successfully replicated by research staff in an efficient and reliable manner is the gold standard to high-quality data collection. Once again, utilizing local RAs rather than existing medical trainees or staff will improve the quality of research data and alleviate the burden of managing both patient care and research projects from the existing healthcare providers. If RAs are not available, integrating data collection into the triage process is likely the most efficient and reliable technique. If available, an EMR is a great resource that can be efficiently queried by chief complaint, diagnosis, or other parameter of interest to the study. If an EMR is not available or widely utilized, the simplest method of collecting data is to scan the chart of research subjects (from triage or elsewhere) and store this data locally or on a cloudbased storage system for entry into a database at a later point. Data collection forms can be embedded within the clinical chart using computer-recognized forms to ease consistent data extraction both in prospective and in retrospective studies. While developing data collection templates, investigators should adhere to clinical data interchange standards consortium standards where possible. 9 Perhaps most promising is the utilization of mobile health (mHealth) tools, from cellular phones to tablets, to collect data that are directly entered by the healthcare provider as part of a clinical decision tool or educational resource and uploaded to a cloud-based storage system. mHealth has been utilized successfully by frontline healthcare workers, such as rural midwives and community health workers, to improve patient outcomes ranging from maternal deliveries to malaria care in a pediatric population and certainly has direct applicability to global EM research. 10 With the wide use of mobile technology globally, the development of low-cost data collection tools such as applications for existing smartphones or tablets has the potential to revolutionize research data collection. Pairing such data collection tools with clinical decision or educational pathways provides a dual benefit to both researcher and local practitioner and has the potential to integrate data collection into daily practice with minimal burden on healthcare personnel. It also provides a low-cost and easily sharable tool to standardize data collection to improve data quality and facilitate data sharing. The creation of a logistic tool kit for researchers and an educational packet for local RAs and/or practitioners involved in data collection and translational activities that includes resources for telemedicine, translational tools, low-cost EMR, and mHeath applications would have a wide-ranging impact and significantly reduce existing logistic barriers to global research.
Ethics of International Research and IRB Availability
The conduct of international emergency care research is fraught with ethical difficulties. While the basis of medical research ethics derives from the war crimes perpetrated by German physicians on concentration camp prisoners that led to the Nuremberg Code, modern IRB standards and protocols are predominantly based on U.S.-founded practices, which most often focus on ethical principles as they relate to the individual participant in research. 11 Obtaining ethical approval to conduct research internationally requires the merging of a well-developed regulatory and legal "western" framework with a culturally sensitive and local approach appropriate for the specific locale where research is conducted. The primary barriers to obtaining approval for global emergency care research are the availability of local ethics committees meeting international guidelines, gaining approval in a timely manner (especially when multiple regulatory structures exist), and the lack of local governance. Additional key ethical barriers when conducting research internationally focus on subject autonomy (obtaining consent or deciphering between community consent vs. individual consent), beneficence (ancillary care provision in clinical research, payment for research), and justice (ethics of fly-in/fly-out research, impact of research on local community). 12 Further complexities in emergency care research include acute illness or injury which makes consent difficult, lack of patient follow-up, and the high prevalence of vulnerable patients in this setting.
Acute care research begins with local ethical approval, which can be difficult due to the lack of local ethics review boards that have federalwide assurance (FWA) or meet other international guidelines. In instances where a local review board is unavailable, researchers should seek scientific/departmental approval of the research protocol from the local collaborating institution (either from the head of department or a formal research review committee). In addition, it is recommended that investigators convene a local community advisory group that represents the participants to be enrolled in the study 13 and seek community permission.
14 This will serve to ensure that the research protocol has clinical equipoise and is in line with the local cultural context. The researcher should then seek formal IRB approval from the nearest FWAaccredited IRB as well as from their home institution's IRB. If scientific review is difficult to obtain, researchers may seek endorsement of their research protocol from the IFEM research committee. 15 To ensure that research proposals are mindful of the local research needs and cultural nuances, all researchers are encouraged to identify a local co-principal investigator that is invested in the research study. Principal investigators must also focus on the training of local staff in the ethical conduct of clinical research. As such, researchers are encouraged to utilize the freely available Family Health International (FHI) research ethics training curriculum (a comprehensive 267-page document designed to train international scientists) 16 or the research ethics capacity-building guide offered by the WHO. 17 There is a need to develop a rigorous research ethics curriculum for investigators that focuses on important topics related to the ethics of acute care research internationally such as consent, loss to followup, coercion, and undue influence for enrollment. 18 To maximize benefits while minimizing the risks from research, funders should encourage ancillary care provision and local capacity building in the proposal phase of the research. 19 Funders should also encourage and support the time, effort, and training of local collaborators and investigators. 20 Finally, in settings where individual consent for research may not be possible, such as research in major trauma, cardiac arrest, or other states where the subject's ability to provide consent may be compromised, the research team can employ a technique that relies on community consent as an exception to individual informed consent. This could be applicable to a wide variety of emergency care research depending on the setting and population. Announcements are made in advance of the study to key community stakeholders, propagated through local media, and given at local community events to engage the local community and make them aware of the research being conducted. Patients are enrolled without providing individual consent and are given the opportunity to withdraw from the study at a later time if they choose. A summary of the findings of the research should then be provided to the community in plain language, in addition to the traditional academic journal publications, following the conclusion of the research.
Research Funding
Funding for global emergency care research remains a significant barrier to developing a robust body of evidence for emergency care worldwide. 21 As mentioned, high-quality research requires an interdisciplinary cadre of personnel such as clinician-researchers, trained study coordinators, laboratory technicians, and research nurses to ensure proper implementation, all of whom require funding to support their time. 22 In addition, financial resources can provide for the supplies and equipment necessary for building robust data collection systems, as well as research training for staff, two integral components of building strong emergency care research infrastructures in LMICs. Grants also support collaboration between high-income country (HIC) and LMIC researchers, which allows more experienced researchers to mentor inexperienced medical providers who are aspiring to be clinician researchers.
While funding is a key challenge for global health research in general, the lack of funding is particularly notable in the field of global emergency care research. 23 Traditionally, research funding in global health has focused on areas of disease prevention, primary care, infectious diseases, and maternal and child health. Only recently has there been increased recognition of emergency care as a key component of the health system, a significant medical and public health need, and an area with little evidence bases in LMICs. 1 Obtaining funding for medical and public health research has become an increasingly difficult task. National Institutes of Health funding, long considered the criterion standard, has become even more competitive as their budget in inflation-adjusted dollars has declined over the past decade. In 2013, the R01 success rate was 17.5%, down from 32.0% in 2000. 24 Similar trends have been seen across the spectrum of government-financed research, placing increased pressure on private donor sources. However, many private donors are much more focused on implementation rather than research. This trend plays out globally, as the United States continues to lead in research and development (R&D) investments, contributing to over a quarter of all global spending. 25 The R&D expenditure as a percentage of gross domestic product (GDP) in the United States is forecast to be 2.77% in 2016. 25 Outside the top 40 R&D investing countries, which are predominantly HICs, the R&D expenditure globally as percent GDP is a meager 0.39%. 25 Even when research dollars are available, global emergency care is often not seen as a priority due to the challenges with defining emergency care, the complexities of creating systems of care, and barriers to quantifying the need for emergency care.
Conducting research in LMICs is challenging in the best of circumstances, but profoundly more so when funding is limited. Lack of research funds often results in researchers being unable to spend considerable time in the field. The construct of academic EM requires financial buy-down to be away from home institution clinical and administrative duties, often a necessity when conducting research abroad. As a consequence of limited field time, researchers must hire competent field and project management staff, another expense that is often poorly covered by available research funds. Furthermore, funding shortages often result in limited data collection, further complicated by inadequate analyses.
Understanding and articulating the consequences of limited funding for emergency care research will allow for improved advocacy for emergency care research funding from both federal and private sources, a necessity if the global emergency care research community is to successfully compete for grants and create a much needed evidence base for emergency care in LMICs. While the funding environment remains challenging, in comparison to the relative dearth of R01 grants, there exists more readily available funding for young researchers in the form of early career awards. These resources can be valuable to investigators who are entering the field of global EM research. When grants are obtained, the utilization of local investigators and research staff can be highly cost-effective, compared to their counterparts in HIC research, allowing for completion of projects with smaller grants.
Finally, there is a need for greater advocacy at the national and international level to increase available funding for global EM research. In particular, global EM researchers can contribute to this advocacy by clearly demonstrating the public health impact of emergency care, emphasizing the necessity for this research. To do so, we will need to work to translate the results of research into the management of global EM conditions into metrics (such as DALYs and others) that are understood by a wider global health audience.
LIMITATIONS
Survey participants were limited to those with national, regional, or international EM society affiliations. This sample, while representing a broad array of global emergency care experts, could be further expanded in future studies. The members of the working group represent a convenience sample of those financially and logistically able to attended the 2016 Global Health and Emergency Care Think Tank at SAEM 2016 Annual Meeting in New Orleans, Louisiana. A modified Delphi technique was utilized by the working group to build consensus around research barriers. Modifications, while commonly employed, may alter the validity of the original Delphi technique. 26 Finally, while this paper attempts to identify the most important, broadly applicable barriers to global emergency care research, there exists vast regional differences in resources, laws, and cultures.
CONCLUSIONS
Significant barriers to the conduct of high-quality global emergency care research persist, and innovative strategies need to be adopted to promote and grow the field of global emergency care research. This paper provides a global consensus on the most important barriers identified, as well as recommendations for cost-effective strategies for overcoming these barriers with the overall goal of promoting high-quality research and improving emergency care worldwide.
